Sedimentation rates are valuable proxies for changes in tectonics, climate, and sediment routing systems. We use sedimentation rates from the Bermejo foreland basin of the southern Central Andes to evaluate the role of global Miocene-Pliocene climate changes on continental erosion and sedimentation in non-glaciated landscapes. Our compilation identifies a tripling of sedimentation rates between ca. 10 and 8.5 Ma coinciding with a period of short-lived global warming and increased seasonality, and a decrease by half in sedimentation rates between ca. 6 and 5 Ma coinciding with increased global cooling and aridity. Both the increase and decrease in sedimentation rates occured during periods of heightened tectonic activity. Our results suggest that periods of aridity can reduce erosion and mask contemporaneous tectonic signals, and that more humid, variable climate conditions amplify the signal of tectonic forcing in the sedimentary record. This work shows that changes in sedimentation rates can accurately filter climatic variabilities out of the overprinting tectonic signal.
INTRODUCTION
Sedimentary basins contain a record of (1) tectonic forcing, (2) climate, and (3) the geometry of the sediment routing system (catchment area) (Smith, 1994; Peizhen et al., 2001; Allen et al., 2013; Amidon et al., 2017) . However, extracting the unique signal of each of these controls remains a fundamental challenge in the geosciences. On historical (10 2 yr) and intermediate (10
-10 5 yr) time scales, independent measurements of erosion rates can isolate the effect of climatic changes or catchment reorganization on the sedimentary system (e.g., Romans et al., 2016) , but on geological time scales (>10 6 yr), erosion rates must be indirectly calculated using techniques such as low-temperature thermochronology (e.g., Reiners and Brandon, 2006) and are more likely to reflect longer-timescale tectonic forcing. Although several studies have proposed using sedimentation rates on geologic time scales as a proxy for changing climate, this application has primarily been applied to tectonically quiescent settings (e.g., Smith, 1994; Peizhen et al., 2001 ).
This study demonstrates that changes in Miocene-Pliocene global climate provide a clear and measureable control on the sedimentation rates in non-glaciated, tectonically active landscapes such as the Bermejo foreland basin in the southern Central Andes, 27°-31°S (Fig. 1) . Here, paleoclimate proxies confirm that global Miocene-Pliocene climate changes are recorded in the sedimentary record (Latorre et al., 1997; Ruskin and Jordan, 2007; Bywater-Reyes et al., 2010; Amidon et al., 2017) . Geochronologic controls make it possible to calculate MiocenePliocene sedimentation rates at nine independent depocenters throughout the basin (Beer, 1990; Jordan et al., 1990; Reynolds et al., 1990; Carrapa et al., 2006 Carrapa et al., , 2008 Levina et al., 2014; Amidon et al., 2016; Stevens Goddard and Carrapa, 2017) . Precise constraints on the timing of tectonic forcing, as well as drainage reorganization, provide the context to isolate the effects of climatic changes on the sedimentation rate.
CLIMATE, EROSION, AND TECTONICS OF THE SOUTHERN CENTRAL ANDES
Sedimentology, stable isotopic, and clay mineralogy studies have been used to reconstruct paleo climate in the southern Central Andes throughout the Neogene (Latorre et al., 1997; Ruskin and Jordan, 2007; Strecker et al., 2007; Amidon et al., 2017) . However, the effects of Miocene-Pliocene climatic variability on erosion and sedimentation rates remains unclear. Increased precipitation associated with a transition to less-arid climates in the Late Miocene has been shown to facilitate erosion (Bookhagen and Strecker, 2012; Allen et al., 2013) . However, in some cases, more-humid climates enable the growth of vegetation that impedes erosion and reduces sedimentation rates (Bull, 1991; Molnar, 2001) . Another scenario, that of high climatic variability, keeps sediment routing systems in disequilibrium, a condition that increases sedimentation rates regardless of relative humidity or aridity (Peizhen et al., 2001 ). However, erosion in arid to semi-arid climates like the southern Central Andes (Fig. 1) is widely thought to increase in periods of higher precipitation (Bookhagen and Strecker, 2012) . The Middle to Late Miocene is generally characterized by a warmer climate than the drier and cooler Pliocene, with an overall global cooling trend recorded by geochemical proxies from the world's oceans (Zachos, 2001; Holbourn et al., 2013) . Within this record, a notable period of brief global warming occurred at ca. 10.5 Ma, which has been linked to transient melting of polar ice, high-amplitude climate variability, a global increase in clastic flux into oceans, and low carbonate productivity (Holbourn et al., 2013; Preiss-Daimler et al., 2013) . Along the Central Andes, a more humid climate has been recognized by at least 9 Ma through 7.5 Ma based on stable isotope proxies from paleosols (Ruskin and Jordan, 2007) . The presence of alluvial megafans throughout the Bermejo foreland basin at ca. 10-8 Ma is consistent with enhanced climate variability during this period (Leier et al., 2005; Uba et al., 2007; Stevens, 2017) .
Antarctic glaciations in the Late Miocene are thought to have affected surface climate and atmospheric circulation patterns that deliver moisture to South America ( Fig. 1) , enhancing aridity in the Central Andes (Amidon et al., 2017) . The global transition from C 3 to C 4 plants at ca. 7 Ma in the Central Andes (Latorre et al., 1997) has been linked to an increase in summerdominated rainfall, global cooling, and aridity (Ruskin and Jordan, 2007; Bywater-Reyes et al., 2010; Amidon et al., 2017) . This shift toward a more-arid climate beginning at ca. 7 Ma has been associated with a decrease in erosion rates between 6.1 and 5.3 Ma (Amidon et. al., 2017) .
In tectonically active areas such as the southern Central Andes, isolating the effects of climate change on the sedimentary system is difficult because tectonic deformation and catchment reorganization may change the sediment flux in the sediment routing system (e.g., Jordan et al., 2001; Allen et al., 2013) . However, welldocumented Precordillera thrust belt propagation west of the Bermejo Basin can temporally constrain tectonically induced fluxes into the sedimentary system. Neogene deformation of the Precordilleran thrust belt occurred in pulses between ca. 21-19 Ma, 12-9 Ma, and 5.5-2 Ma (Allmendinger and Judge, 2014; Fosdick et al., 2015) and has been predicted to produce corresponding increases in erosional flux into the Bermejo foreland basin (Jordan et al., 2001 ). Changes to catchment geometry, which can also change sediment flux (Allen et al., 2013) , can be independently identified using provenance records. In the southern Bermejo foreland basin, provenance studies identify an eastward migration and decrease in catchment area between ca. 12 Ma and 10 Ma (Levina et al., 2014; Fosdick et al., 2015) , likely a response to concurrent deformation in the Andean Precordillera (Fig. 1) .
SEDIMENTATION RATES OF THE SOUTHERN CENTRAL ANDES
We used published geochronology constraints from magnetostratigraphy (Johnson et al., 1986; Reynolds et al., 1990; Malizia et al., 1995) and U-Pb geochronology (Amidon et al., 2016; Stevens Goddard and Carrapa, 2017) to calculate sedimentation rates from nine depositional areas located between 27°S and 32°S. We used locations within a single connected depocenter (Bermejo foreland basin) in order to avoid possible local structural complexities. For consistency, we used the compacted thicknesses of the sedimentary sections reported by previous workers, and thus our rates only reflect a minimum (Fig. 2) . Our compendium of sedimentation rates in the southern Central Andes identifies two periods of high-magnitude, synchronous changes in sedimentation rates (Fig. 2): (1) an increase in sedimentation rates between ca. 10 Ma and 8.5 Ma, and (2) a decrease in sedimentation rates between ca. 6 Ma and 5 Ma.
Seven out of nine stratigraphic sections document an increase in sedimentation rates between ca. 10 Ma and 8.5 Ma, spanning over 350 km along strike in the foreland basin ( Figs.  1 and 2) . The average sedimentation rate at ca. 10 Ma, recorded at seven locations, is 0.36 mm/ yr. By ca. 8.5 Ma, the average sedimentation rate taken from those seven locations is nearly three times that value, at 1.05 mm/yr (Fig. 2) . The three stratigraphic sections with Miocene-Pliocene strata span 250 km along strike, and document a synchronous decrease in sedimentation rates between ca. 6 Ma and 5 Ma (Fig. 2) . At ca. 6 Ma, the average sedimentation rate from these depositional centers is 0.94 mm/yr (Fig. 2) . By ca. 5 Ma, sedimentation rates decrease by over half in all three of the depositional centers, to an average of 0.43 mm/yr (Fig. 2) .
INTERPRETATION OF REGIONAL SEDIMENTATION RATES
Our compilation of along-strike MiocenePliocene sedimentation rates from the Bermejo foreland basin exhibits a striking synchronicity in both the magnitude and timing of changes in sedimentation rates, suggesting that the underlying control is regional to global in scale (Fig. 2) .
The increase in sedimentation rate between ca. 10 Ma and 8.5 Ma occurs during a period of increased shortening in the Precordilleran foldand-thrust belt (Allmendinger and Judge, 2014; Fosdick et al., 2015) , which, however, has been associated with a decrease in catchment area between ca. 12 Ma and 10 Ma and should thus produce a decrease in sedimentation rate, opposite of what we observe. At the same time, a global increase in temperature (Holbourn et al., 2013) and increased humidity (Ruskin and Jordan, 2007) are consistent with the appearance of fluvial megafans in the Bermejo foreland basin (Stevens, 2017) , an indicator of monsoonal-type climate conditions at this time (Leier et al., 2005; Uba et al., 2007) . This suggests that accelerated sedimentation rates at 10-8.5 Ma may be largely controlled by a more-vigorous climate characterized by warmer and more humid conditions. Overall, these data suggest that a warmer, morehumid, and variable climate (monsoonal-like) increased sediment production and delivery in the Central Andes. This trend is consistent with observations as far north as Bolivia (Uba et al., 2007) implying that climate-induced increases in erosion in the Late Miocene cannot solely be attributed to changes in regional topography (e.g. Uba et al., 2007) . .
Our study identifies a widespread and synchronous decrease in sedimentation rates between ca. 6 Ma and 5 Ma (Fig. 2) . Interestingly, this period of time is also characterized by heightened tectonic activity (Allmendinger and Judge, 2014; Fosdick et al., 2015) . Heightened tectonic activity at this time predicts an increase in the sedimentation rate; however, these predictions do not match the observed decrease in the regional sedimentation rate. Instead, we attribute the decrease in sedimentation rates to the onset of global cooling and increased aridity in the Pliocene (Latorre et al., 1997; Zachos, 2001; Amidon et al., 2017) . This interpretation is supported by a contemporaneous decrease in erosion rates documented in the southern Bermejo foreland basin (Amidon et al., 2017) , but is at odds with models of a global increase in Pliocene erosion rates (e.g., Herman et al., 2013) in non-glaciated areas.
CLIMATE AS A REGULATOR OF TECTONIC SIGNALS IN THE SEDIMENTARY RECORD
The decrease in sedimentation rates during a period of heightened activity of the Precordilleran fold-and-thrust belt between ca. 6 Ma and 5 Ma-in an increasingly arid climate-contrasts with the tripling of sedimentation rates associated with tectonic forcing between ca. 12 Ma and 9 Ma in a semi-arid, more-seasonal climate (Fig. 2) . We use this observation to suggest that climate may regulate the effects of tectonic forcing on erosion and sediment accumulation in the surrounding basins. A semi-arid but warmer and more-humid climate beginning at ca. 10.5 Ma (Holbourn et al., 2013) may have enhanced erosional processes and amplified the signal of tectonic forcing, facilitating high-magnitude (doubling, tripling) changes in the sedimentation rate during the transition between periods of active deformation and quiescence. Conversely, sustained aridity established between ca. 6 Ma and 5 Ma may have served as a dampener of erosional processes, so that even in periods of heightened tectonic forcing, the magnitude of increase in sedimentation rate is low to undetectable. In this scenario, climate serves as a regulator of tectonically driven changes to erosion and sedimentation. If true, this requires that changes in sedimentation rates attributed to evolving tectonic boundary conditions should always be interpreted in a well-constrained climatic context, and vice-versa. In cases where climate severely dampens erosion, the signal of tectonic forcing may not be recorded by a corresponding increase in sedimentation rate. We suggest that this is the case for the period of tectonic forcing beginning at ca. 5.5 Ma that is not accompanied by a contemporaneous increase in regional sedimentation rates, but rather is characterized by a decrease in sedimentation rates which we attribute to a global increase in aridity at ca. 6 Ma. In contrast, the synchronous increase in erosion rates throughout the Bermejo foreland basin between ca. 10 Ma and 8.5 Ma, which has previously been interpreted to result primarily from increasing tectonic activity, may in fact have been significantly amplified by monsoonal-type conditions (Ruskin and Jordan, 2007; Stevens, 2017) .
CONCLUSION
The synchronicity of changes to regional sedimentation rates in the Late Miocene-Pliocene Bermejo foreland basin demonstrates that sedimentation rates serve as a faithful recorder of changes in climatic regimes. During periods of sustained aridity, erosion may be reduced to a degree that even major changes to the tectonic regime do not produce a measureable change in sedimentation rates. This study shows that climate exerts a significant control on erosion and sedimentation in tectonically active regions, in some cases completely eclipsing the effects of tectonics. Our study also demonstrates that global climate changes in the Late Miocene have strongly impacted continental sedimentation in the Central Andes. The threefold increase in sedimentation rates between ca. 10 Ma and 8.5 Ma has likely contributed to an increase in global clastic delivery into the ocean, with a potential impact on global ocean productivity.
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